The ability of mononuclear cells (MC) from peripheral blood of normal cattle to lyse a variety of cells was tested in a 51Cr-release microcytotoxicity assay.
The ability of mononuclear cells (MC) from peripheral blood of normal cattle to lyse a variety of cells was tested in a 51Cr-release microcytotoxicity assay.
Several types of bovine cells infected with parainfluenza 3 virus (PI3V) were susceptible to natural cytotoxicity. Bovine cells infected with infectious bovine rhinotracheitis virus or noncytopathogenic bovine viral diarrhea virus, uninfected bovine cells, and human cell lines MOLT-3, HSB-2, K562, and U-937 were not susceptible. The period of time that target cells need to be infected with PI3V to achieve maximal cytotoxicity was determined. Target cells were infected with PI3V and MC, added 1 h later. After the addition of effector cells, significant levels of cytotoxicity were recorded at 17 h. Maximal cytotoxicity occurred 22 to 24 h postinfection. To define the optimal time that MC must be present, cells were infected with PI3V for a total of 24 h, and MC were left in contact with target cells for various time intervals. Maximal cytotoxicity was recorded when effector cells were present for 20 h, suggesting that a period of activation was needed to stimulate effector cell function. Removal of adherent mononuclear cells on Sephadex G-10 columns did not reduce the low level of cytotoxicity against uninfected target cells, but markedly reduced the level of cytotoxicity against P13V-infected cells. The effector cell was nonphagocytic and nonadherent. These characteristics and the fact that target cell lysis was independent of genetic restriction indicate that effector cells are similar to natural killer cells described in other species.
Recent recognition of natural cytotoxicity has substantially altered the modern concepts concerning the potential mechanisms of resistance against tumor growth and viral infection. Natural cytotoxicity is present in the absence of apparent disease or deliberate immunization (2, 26) and is directed against neoplastic (23) 14) . Initial studies suggested that natural cytotoxicity in mice was directed against endogenous C-type-virus-associated antigens (13) , but recent evidence indicates that natural cytotoxicity is present against a wide range of specificities, including xenogeneic (1, 12) and normal cells (19) . However, some degree of selectivity must exist since some target cells are highly sensitive to cytolysis, whereas others are not. Natural cytotoxicity has been described in several species other than humans and mice (1, 5, 20, 27 Cytotoicity assay. Microcytotoxicity assays were performed in round-bottom microtiter plates at 38°C in a humidified atmosphere of 95% air and 5% CO2. Bovine cells were seeded at 1 x 104 to 1.5 x 104 cells per well. After cell attachment, medium was removed, and 100 ,ul of RPMI 1640 containing 1 ,ug of gentamicin per ml, 2 mM L-glutamine, 10o FBS, and 1.5 to 2 ,uCi of sodium chromate (Na25"CrO4; New England Nuclear Corp., Boston, Mass.) was added to each well and incubated overnight. The 51Cr-labeled medium was removed, and 100 ,ul of RPMI 1640 containing 10o FBS was added to each well for further incubation (2 to 4 h). The plates were finally washed two times with Hanks balanced salt solution. Virus suspensions (25 1Ll) were added to each well, and microtiter plates were incubated for 1 h. Viral inocula were removed, and effector cells (100 ,ul) were added to each well at various dilutions to obtain different effector-to-targetcell ratios. Control wells consisting of virus-infected and noninfected target cells without effector cells were prepared at the same time to determine the amount of spontaneous 51Cr release. Eight wells were treated with 100 jLI of 3% Triton X-100 (Sigma) to determine maximum releasable 51Cr. The assay was incubated for 18 h unless otherwise indicated. At the termination of the assay, the supernatant was collected with the Titertek harvesting system (Flow Laboratories, McLean, Va.), and the amount of 51Cr released was determined in a Beckman 5500 counting system (Beckman Instruments Inc., Irvine, Calif.). Spontaneous release for uninfected cells and IBRV-and NC-BVDV-infected cells was always less than 1% per h; for PI3V-infected cells it was always less than 1.5% per h.
Human target cells were labeled in suspension with (Table 1) . MC from yearling calves produced greater lysis of uninfected than of IBRV-infected BE cells. There was no difference in the degree of cytotoxicity in NC-BVDV-infected and uninfected BE cells. Calf MC, as adult MC, produced greater lysis of PI3V-infected than uninfected BE cells (Table 2) . Cytotoxicity against PI3V-infected GBK and bovine testicle cell targets was also evaluated. There was greater cytotoxicity to PI3V-infected than to uninfected GBK or bovine testicle cells (Tables 3 and 4) , and only MC from one calf (no. 82) were not cytotoxic against PI3V-infected bovine testicle cells (Table 4) . IBRV-infected GBK or bovine testicle cells were not susceptible to lysis (Table  3) . MC from eight animals showed no natural cytotoxicity against human cell lines K562, U-937, MOLT-3, and HSB-2.
Effect of contact time among effector cells, P13V, and target cells on natural cytotoxicity. To determine the optimal length of time that PI3V must be present on target cells, BE cells were infected, and 1 h later MC were added. The assay was terminated at 4, 12, 17, and 23 h after infection. At 17 h of infection, low but significant levels of cytotoxicity were recorded. Cytotoxicity increased and reached its highest level 23 h after infection (Fig. 1) . At 24 h of infection with PI3V, spontaneous release of 5tCr due to PI3V was too high for cell-mediated cytotoxicity to be observed.
To determine the time required for MC to cause significant lysis of PI3V-infected cells, BE cells were infected with PI3V at different intervals to complete 24 h of infection before harvesting; MC were added to each group at the same time, and MC were maintained in contact with PI3V-infected BE cells for 8, 12, 16, and 20 h. Although no cytotoxicity was found after 8 h of contact of MC with PI3V-infected BE cells, cytotoxicity was evident at 12 h. Maximal cytotoxicity was found at 20 h (Fig. 2) . Further incubation times were not done because the previous results showed that spontaneous release produced by PI3V alone was more than 60%.
Natural cytotoxicity of NAMC. MC and NAMC from Sephadex G-10 columns produced the same level of lysis on uninfected BE cells. But after removal of adherent cells, NAMC lysis of PI3V-infected cells was reduced 43 and 80% at effector-to-target-cell ratios of 100:1 and 25:1, respectively (Fig. 3) . There was no significant difference in killing when FBS that had been and had not been heat inactivated was used in the assay; also, no antibody against PI3V or IBRV was found in the FBS used in these experiments. DISCUSSION Using virus-infected cells as targets, we demonstrated that P13V-infected cells could be used as target cells to measure natural cytotoxicity of bovine MC. At 12 h after contact of MC and PI3V-infected cells, significant levels of cytotoxicity were recorded. As the time of contact between effector and target cells was increased, cytotoxicity increased and reached a maximum at 20 h of contact time (Fig. 2) . The long time of MC-target cell incubation needed to demonstrate cytotoxicity suggests that cells mediating natural cytotoxicity need to be activated during the incubation procedure. These results are consistent with the work in human beings by Santoli et al. (25, 26) , who found that virus-infected cells were lysed more efficiently after long incubation times with lymphocytes from normal donors. Because removal of adherent cells on Sephadex G-10 columns reduced, but did not eliminate, the cytotoxic capabilities of MC preparations against P13V-infected cells without affecting the cytotoxicity of uninfected cells, it is possible that macrophages were involved as cytotoxic effector cells or activators of other cells mediating natural cytotoxicity or both. Activation of effector cells in viral systems has been attributed to interferon production during the assay (25, 28, 32) . This boosting ability of interferon in natural cytotoxicity has also been demonstrated with either purified interferon preparations or interferon inducers (7, 9, 11, 15) . The cell involved in interferon production varies among assay conditions (21, 31, 33) . However, the central role of the macrophage in modulating natural cytotoxic activity by interferon production has been demonstrated by several investigators (6, 8, 17, 30) . In the bovine system, Stott et al. (29) alveolar macrophages, were cytotoxic for PI3V-infected targets in a long-term cytotoxicity assay; however, cytotoxicity was not consistently abolished when adherent cells were removed. The possibility that antibody was produced during the incubation time in our experiments and, therefore, was involved in an alternative cytotoxic mechanism against PI3V-infected cells seems unlikely since the amount of free virus present in our assay should have competed for antibody and prevented antibody attachment to viral antigens on cell membranes of infected cells. Also, unpublished observations in our laboratory have demonstrated that antibodydependent cellular cytotoxicity mediated by MC against PI3V-infected cells is inefficient, even in the presence of high concentrations of antibody. Armerding and Rossiter (3) have shown that antibody produced during the incubation of effector and influenza virus-infected target cells in 12-h assays, plus complement present in unheated FBS, produces lysis of target cells. That complement present in FBS and antibody produced during incubation were not responsible for lysis of PI3V-infected cells in our assays was shown by the fact that heat inactivation of FBS did not reduce the amount of lysis. Furthermore, no serum-neutralizing antibody to PI3V was found in sera from experimental animals nor in the FBS used for culture. NC-BVDV did not alter the susceptibility of uninfected cells. Whether this was due to a low amount of viral antigen or due to another factor(s) was not determined. Our results, in which normal cells were lysed to a greater degree than IBRV-infected cells, were similar to those of Welsh and Hollenbeck (32) , who used normal mouse lymphocytes on herpes simplex virusinfected Vero cells.
Because considerable genetically unrestricted cytotoxicity to PI3V-infected target cells was found in nonadherent, nonphagocytic cells from bovine peripheral blood leukocytes obtained from antibody-free cattle, it is likely that the cytotoxicity detected was due to a cell similar to natural killer cells found in mice and human beings.
